Introduction
Photocrosslinking of polymers is an important technology because of a wide variety of applications [1, 2] .
Epoxides and polymers containing cyclic ether units are cationically crosslinkable compounds.
Crosslinking of such compounds by light can be accomplished by the photolysis of initiator molecules, followed by reactions of the resulting photoproducts with cyclic ether units. Photoacid generators and photobase generators can be used as initiators for the photocrsslinking [3, 4] . In this paper we report the photoinduced insolubilization of polymers having cyclic ether units in the side chain using imino sulfonate photoacid generators.
The insolubilization efficiency of polymer films with pendant photoacid generating units was compared with that of polymer film containing photoacid generators as additives.
Experimental 2.1 Materials
Benzanthrenylideneimino p-toluenesulfonate (BITS) was prepared as follows.
To a cold (< 5 °C) solution of benzanthrone oxime [5] (2.0 g, 8.2X10-3 mol) in pyridine (20 ml) was slowly added p-toluenesulfonyl chloride (2.3 g, 1.2X10-2 mol).
After the addition was completed the reaction was continued with vigorous stirring below 10 °C for 4 hr. Then it was poured into 182 ml of ice-cold 5% HCl and the precipitates were separated.
The product was recrystallized twice from a hexanetoluene mixture (1:9, vlv): yield 41 %; mp 165 167°C Benzanthrenylideneimino p-styrenesulfonate (BISS) was prepared from benzanthrone oxime [5] and p-styrenesulfonyl chloride [6] freshly prepared according to the method described for the preparation of BITS. The product was purified by column chromatography using silica gel and recrystallized from a toluene-hexane mixture (1:9, vlv): yield 51 %; mp 138-140 °C. The product was identified by elemental analysis and 1 H-NMR spectroscopy.
Polymers were prepared by the conventional radical copolymenzation of BISS and vinyl monomers such as glycidyl methacrylate, tetrahydrofurfuryl methacrylate, or tetrahydrofurfuryl acrylate using azobis-(isobutyronitrile) as an initiator at 60 °C in the dark.
Composition of the polymers was determined by measuring the absorbance due to BISS units. The molar extinction coefficient of the BISS units was estimated to be equal to that of BITS (£=1.21X 104 llmol cm at 374 nm).
Contents of BISS units in polymers were 4.47.0 mol%.
Characteristics of the polymers are shown in Table 1 .
Method
Polymer films were prepared by casting cyclohexanone solutions of the polymers onto quartz plate or silicon wafer. The films were irradiated at 254 and 366 nm using lowpressure and high-pressure Hg lamps, respectively. Baking of the films was done with a conventional hot plate. Irradiated polymer films were developed in tetrahydrofuran and insoluble fraction was determined by comparing the film thickness before and after developments.
Results and Discussion
It has ben reported that upon UV irradiation the cleavage of -O-N= bonds in imino sulfonate compounds and the subsequent abstraction of hydrogen atoms from residual solvent in the polymer film or from polymer molecules leads to the formation of sulfonic acid and byproducts such as azines and ketones (Scheme 1).
For the photolysis of imino sulfonate compounds in air, the reaction of imino radicals with oxygen molecules is dominant compared to their dimerization and hydrogen abstraction reactions [7] .
BITS in acetonitrile showed absorption peaks at 212 and 374 nm and shoulder peaks at 230 and 254 nm. The absorbance at 374 nm decreased upon irradiation with 254 or 366 nm light. Fig. 1 shows the spectral changes of BITS in 1 film. Polymers 2, 4 and 6 showed similar spectral changes upon irradiation. The amount of acid generated by the photolysis of BITS was measured using decoloration of tetrabromophenol blue sodium salt. Quantum yield (ca) for the photochemical generation of acids of BITS in poly(methyl methacrylate) film was found to be 0.032 and 0.023 for 254 and 366 nm lights, respectively. The photocrosslinking efficiency of 2 film was compared with 1 film containing BITS (Fig.  3) . Although the photoacid generating unit fraction was the same for both systems, the copolymer system showed higher efficiency than the blended system. A similar result was observed for the polymers bearing tetrahydrofurfuryl moieties.
The inefficient photocrosslinking ability of the blended system may be due to poor compatibility of BITS with the polymers. I. Photopolym. Sci. Technol., Vol.12, No.1 , 1999 with a dose of 7 mJ/cm2 and heated for 3 min at given temperatures.
No insolubilization was observed for the unirradiated 2 film on heating at 120 °C.
Although the same result was observed for the blended system of 1 and BITS, the enhanced insoluble fraction by the post exposure heating of the blended system was not so large as that of the 2 film. For the irradiated 2 film, the insolubilization fraction increased from 30% to 90%, when heated at 120 °C for 3 min. For the blended system of 1 and BITS, however, the insoluble fraction increased from 40% to 60%, when heated under the same conditions. The enhanced insolubilization of the polymers by the post exposure heating can be mainly caused by the ring-opening reaction of cyclic ether units unreacted during irradiation at room temperature. A highly effective post heating on the insolubilization of the 2 film may be explained as follows.
Imino sulfonate compounds were reported to be thermally decomposed to generate sulfonic acid anhydride [8] .
The formation of the pstyrenesulfonic acid anhydride moieties can induce the insolubilization of the polymer. The thermal decomposition temperature of Imino sulfonate units in the polymer chain can be lowered by the presence of acids [8] . 
